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Abstract 

We present a novel approach for constraining nonstandard neutrino 
interaction (NSI) coupling parameters {e%e and £%^) in low energy flavor 
conserving Uf,e and i/ee— scattering processes. Here we exploit an im- 
portant phenomenon of interference and assuming that and are 
same for both the processes as and qr in the standard model (SM). 
Using this approach we obtain the absolute values 6%^ ~ 8.7 x 10~^ 
and — 3.8 x 10~^, while the bounds obtained using the said pro- 
cesses are -0.11 < el^ < 0.13 and 0.35 < ete < 0.41. It is noteworthy 
that the lower bound on elf exclude the negative region. Furthermore, 
our bounds on elf are more stringent than the existing ones. 

Key words: Neutrino mass, Nonstandard neutrino interactions. In- 
terference effect. New physics. 

1 Introduction 

The discovery of neutrino masses in the neutrinos oscillation experiments ne- 
cessitates the existance of new interactions called nonstandard neutrino interac- 
tions (NSI) [TJ [2J 131 H] . These new interactions along with the massive neutrinos 
are predicted by various models [S] [B] , involving those where neutrinos aquire 
masses through see-saw mechanism [71 [51 HI [IHl [IT , those where neutrinos gain 
masses radiatively due to the presence of extra Higgs bosons [TH [T31 [13] and 
the R-parity violating supersymmetic models [15l [TBI [13 [HI [H] ■ At low energy 
effective level the currrent structure of the NSI is similar to that of four Fermi 
interactions ^20, . The NSI may be nonuniversal flavor- conserving or flavor- 
changing contrary to standard model (SM) currents which are universal and 
flavor conserving. 
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The various methods to constrain the NSI couphng parameters at effective 
level are extensively studied in the literature [20l |2T] . Here, we present a novel 
approach, not only constrianing the NSI parameters, but also computing the 
absolute values of these parameters. In this approach, we take the low energy 
flavor conserving Vf.e and S-ee— scattering processes and calculate their total 
cross sections in terms of NSI coupling parameters (e^g and e^f ) which appear 
due to adding the effective four fermion operators for NSI to the electroweak 
Lagrangian. Analytically, both cross sections contain terms linear in e^^ and 
Egf . These terms arise due to the interference effect between various currents 
(some are the SM ones and the others are due to NSI) . These terms in turn lead 
to two equations linear in and e^f for the corresponding processes. Solving 
the two linear equations similtaneously we obtain the absolute values of e^J^ and 

ei?, 
^ee • 

We use the measured values of cross sections for v^^e and z/ge— scattering 
processes of LSND and ROVNO experiments, respectively, evaluating the in- 
terferences in terms of £gg and and then compare these with corresponding 
measured values (for detail see ref. [l^). Although the total cross section is 
directly proportional to the neutrinos energy, but the interference terms are 
independent of energy because we derive these by taking the ratios of the mea- 
sured and predicted values of total cross sections. At first stage, we ignore the 
experimental errors and restrict ourselves to current discrepancy between theory 
and experiment for the two processes and obtain absolute values of Egg and Sgf^. 
At second stage, we incorporate the experimental errors and calculate the upper 
and lower bounds on Egg and £gf^. The absolute values obtained lie within the 
range of these bounds. 

Our analysis is based on two assumptions: (i) As in SM, where two coupling 
constants gi and g/j are same both for i/ge and i/ge— scattering processes, simi- 
larly NSI coupling parameters Egg and are also assumed to be same for both 
the processes, (ii) We take only the flavor conserving j/gC and i/gC— scattering 
processes and ignore the flavor violating processes. This is because the inter- 
ference effect, which is core of our discussion, could only occur in the flavor 
conserving process (for detail see ref. |22|). 

2 Lagrangian of NSI 

The most general form of the effective four-fermion interaction Lagrangian for 
low energy (j/q/ — > vpf ) process in the presence of NSI is given by pU] . 

-Y,t%2V2Gf[D^^,Li^p][frPf] (1) 

where the first and second terms are the SM operators and the third one is the 
NSI four fermion operator, P = L, R = ^ (iTTs) with Gp as the Fermi constant. 
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/ is any lepton or quark and / is its SU(2) partner, are the neutral current 
coupling constants in the SM and e^^ are the nonstandard flavor conserving 
(a = P) and flavor changing (a ^ /3) effective coupling parameters. 

Applying Fierz transformation, the total effective Lagrangian for the specific 
process of i^eC— scattering becomes, 

-eTe2V2Gf[D,^^L,.,][erPe] (2) 



3 Size of Interference in SM and in measure- 
ments 

By taking the standard model part of Lagrangian in eq.(2), the total cross 
section of t'eC— scattering process can be calculated as, 

a''==a°[(5L + 2)2 + ^] 

where a° = ^^f"^f-- ^ (4.31 x 10-'^^)cm^ x E^eiMeV), 
g^ ~ 2 sin^ 6^ or more explicitly 

a-^^ ^a"[i+{gL' + ^) + 2{I)] (4) 

in the third term, I — 2gi^ is the interference between the charged and neutral 
currents of the SM. Assuming sin^ 6*^ = 0.23, we get gL — —0.54 and g^ = 0.46. 

Substituting numerical values and including the radiative corrections [261127] . 
we obtain, 

a"^" = 4a" + 0.37ct° + 2(-1.G9)ct° 
where the size and sign of interference in the SM is 

= -1.09 (5) 

From eq. (5), it is clear that the standard model predicts destructive interfer- 
ence (negative sign) between CC and NC having size 1.09. Using CTcxp — [10. 1± 
l.l{stat.)±l.O{syst.)xE^e{MeV)xlQ-'^^cm^] in eq. (4) from the LSND exper- 
iment [IS] and solving for /, we get / ^^nd ^ -i.01±0.18. Comparing /■^^^ and 
/ ^S^D ^ one can see a discrepency of 0.08. The destructive interference (-ev sign) 
is in agreement with, the theory and experiment. 

The total scattering cross section for D^e can easily be obtained by inter- 
changing gL and gn in eq. (3) as. 



(3) 



= — l + 2sin 6w and 
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more explicitly, 



(6) 



^'^=^ = ^°[^ + (f +5^,) + 2(/)] (7) 

where / = |gL is interference between the charged and neutral currents of the 
SM. Substituting gi = —0.54 and gu — 0.46, we obtain, 

a''" " = 1.33ct° + 0.31ct° + 2(-0.36)cr° 

where we have calculated interference in the SM for v^e— scattering process as, 

ll^I = -0.36 (8) 

It is clear from eq. (8) that SM predicts a destructive interference between CC 
and NC for the Pee- scattering process. When we calculate the size and sign of 
interference with the help of ROVNO data, = 1.26 ± 0.62 x IQ-'^'^cm'^ x 

E^^{MeV)] [28], using the technique as adopted in |26j, it comes out to be 
jROVNO _ _o.i8 ± 0.072. Here the theory vs. experiment discrepency is 0.18, 
which is much larger in comparison with Vge— scattering process. This indicates 
that PgC- scattering process provides more room for new physics. 



4 Absolute values of NSI coupling parameters 




The total cross section of j/ge— scattering process in the presence of NSI, using 
the Lagrangian in eq. (4), can be calculated as 



_ive ^or/o I I eL\2 



i9R + 4^)\ 

3 ^ 



+ 2{(25L + 9L{el^) + 2{el^) + Igniel^)}] 

where the total interference is 

= {2gL + gLieti) + 2{et) + )} (9) 

Similarly, for j^ge— scattering process, the total cross section in the presence 
of NSI can be calculated as, 

+ 2{\g^ + \gL{0 + ^(<e ) + 9r{0)\ 
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where the total interference term is 

I'^" = + IgLiet^) + + )}] (10) 

Substituting = —0.54 and g/i = 0.46 and comparing these with the 
corresponding measured values of interference we obtain 

{-1.08 + 1.46(e^^) + 0.15(e^f )} = l^^^^ = -1.01 ± 0.18 (11) 

and 

{-0.36 + 0.49(6^^-) + 0.46(e^f )} = I^ovno ^ _Q -^^g ^ o.072 (12) 

At first step, let us solve the two equations with respect to the central 
values of the two experiments and ignoring the experimental error so that obtain 
e«i = 0.0087 and e«f = 0.3820. 

By incorporating the experimental errors we obtain four equations corre- 
sponding to the upper and the lower limits of the experiments as 

1.46(e:f')+0.15(e^f) =0.25 

0.48(6^^-) + 0.46(e^f ) = 0.252 {upper bound equations) (13) 

and 

1.46(e^f)+0.15(e:f) = -0.11 

0.48(e^g ) + 0.46(e|f ) = 0.108 {lower bound equations) (14) 

Simultaneous solutions of eqs. (13) and (15) give rise to the bounds, 

-0.11 < el^ < 0.13 
0.35 < < 0.41 (15) 

5 Conclusion 

In this letter wc have presented a new analysis for contraining the NSI coupling 

parameters (ej;^ and ef.^) exploiting an important phenomenon of interference 
between varioiis currents in the clastic Upe and scattering processes. Using 
this analysis, wc obtiancd e^^ = 8.7 x 10^'' and s','J!' = 3.8 x 10^^. Wc also 
obtained the bounds: -0.11 < eji^ < 0.13, 0.35 < e"^^' < 0.41. The absolute 
values are both positive and exclude the negative region while the bounds on 
are more stringent and in particular it excludes the negative region. 
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Figure: Contour plots of interferences {F" and F^) in terms of and . The shaded 
region corresponds to the bounds: (-0. 1 1 < ff' < 0. 13, 0.35 < e'J < 0.41) and the 
colored epi-point corresponds to the absolute values: (f = 0.0087, e"^ = 0.3820). 



